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Summary
Objective: Study the changes in local and generalized biomechanical characteristics of the ankle joint, associated with a well deﬁned cartilage
biopsy at the postero-medial rim of the talar dome, to evaluate its safety.
Methods: Ten cadaver ankles were (sub-) physiologically loaded pre- and post-biopsy; in neutral position, 10 of plantar-ﬂexion (PF) and 10
of dorsi-ﬂexion (DF). Fuji ﬁlm was used as transducer. Qualitatively, the coverage of the biopsy by the tibial plafond, and changes in the shape
of the footprint were analyzed. Quantitatively, the pressure proﬁle plot, normalized-tibio-talar contact area and the centroid position of pressure
were examined. Results were reported as a mean for all specimens, and as individual values for every single specimen as well.
Results: Mean results did not show signiﬁcant changes, but those of some single specimens did. The majority of those changes were in PF.
Some occurred in N, and besides two exceptions none occurred in DF. Two specimens did not show any change. One specimen showed an
isolated quantitative change. Seven specimens showed both qualitative and quantitative changes. However, all changes were of low-magni-
tude and contact stresses did not show any rebound effect.
Conclusions: Although biopsies at the postero-medial rim of the talar dome did not induce on average signiﬁcant changes in quantitative con-
tact characteristics, few specimens did show some alterations. Currently, the investigated biopsy site seems safe, but long term follow-up stud-
ies in patients are needed for conﬁrmation.
ª 2009 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
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Autologous Chondrocyte Implantation (ACI), which is cur-
rently a highly effective technique used for cartilage repair
of the knee joint1, also shows great promise for treatment
of joint surface defects in the ankle. However, the use of
ACI for treatment of ankle defects is limited due to restrain-
ing factors such as difﬁculties in harvesting biopsy mate-
rial2,3. Data on donor site morbidity along with
developmental and cell biological data suggest that it may
be preferable to use an expanded chondrocyte population
derived from a cartilage biopsy from the ankle4e9. However,
no such biopsy site has been deﬁned so far, although the
postero-medial rim of the talar dome is a potential loca-
tion10. If this location is conﬁrmed as a ‘‘lesser weight bear-
ing area’’, it should become possible to provide appropriate
patients with the best biological implant currently achiev-
able, while minimizing the risk of donor site morbidity.
In view of the above, ankle joint kinematics are of utmost
importance. Several studies report on a better congruence
in the posterior compartment of the ankle, a moving axis
of rotation during plantar-(PF) and dorsi-ﬂexion (DF),*Address correspondence and reprint requests to: G. A. Matricali,
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1477a forward movement of the talus in relation to the tibia in
DF, and external rotation of the tibia in PF11e15. The tibio-ta-
lar contact area (TTCA) only alters signiﬁcantly if, due to
a lesion in the posterior compartment, more than 33% of
the joint is involved16. Osteophyte formation, with concom-
itant defects in the articulating cartilage, occurs principally
at the anterior margin of the talar dome and tibial pla-
fond17,18. However, various ex vivo studies show contradic-
tory results on total contact area, intra-articular pressure
and its distribution pattern when moving through the three
main positions of the ankle19.
During gait the ankle is positioned in maximal PF for only
a very limited amount of time, with the loading at that mo-
ment being only a fraction of that observed during the other
phases of stance20e24. This would suggest that the poste-
rior rim of the talar articular cartilage is a ‘‘lesser weight
bearing area’’.
Altered intra-articular contact stresses caused by joint
surface incongruities are considered an important trigger
for early cartilage degeneration25. Unfortunately, limited
data are available concerning the effect of joint surface in-
congruities on TTCA and contact pressure of the ankle.
Two studies have reported on the change in TTCA after ex-
perimentally induced fractures of the posterior malleo-
lus16,26. Choung and Christensen have reported changes
in TTCA and mean contact pressure after performing a mo-
saicplasty at the talar dome27. Christensen et al. reported
on the changes of TTCA, mean contact pressure and
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at the talar dome28. McKinley et al. reported on dynamic
tests involving step-off lesions at the antero-lateral tibial
margin29,30. To our knowledge no data are available for car-
tilage defects at the very posterior margin of the talar dome
speciﬁcally.
The aim of this study was to determine any effects asso-
ciated with a well deﬁned cartilage biopsy at the postero-
medial rim of the talar dome. This was investigated through
analysis of speciﬁc biomechanical characteristics, such as
the pressure proﬁle at the biopsy site, the normalized size
of the TTCA (% of talar dome area; n-TTCA) and TTCA
centroid position of pressure. We hypothesized that if any
effects were present these would be only of a low-magni-
tude nature.Materials and methodsSPECIMEN PREPARATIONFig. 1. Experimental set-up for the ankle loading experiments. TheFresh frozen lower limb amputation specimens were obtained from individ-
uals who donated their bodies after death for scientiﬁc research. All handling
was done following the institution’s guidelines. The tibio-talar joint was opened
by an anterior and postero-medial arthrotomy with minimal soft tissue dissec-
tion. If any cartilage damage was visible, the specimen was excluded from fur-
ther testing. A total of 10 specimens from 10 different donors were tested. A
template of the cartilage coverage of the talar dome was obtained by cutting
a thin, pliable plastic sheet to the correct contour. This template served to
shape the custom-made units of pressure sensitive ﬁlm and to determine the
surface area of the talar dome. Reference points were created outside the ar-
ticular edge of the talar dome by inserting thin pins. Themarks left on the pres-
sure sensitive ﬁlm by the pins were used as a specimen-speciﬁc reference
frame. The foot was secured on a custom-made platform with three screws
in the calcaneus and a molded plastic clamp over the forefoot, thus allowing
a maximum amount of normal motion in the foot and ankle region. During the
tests the incisions were kept closed with a towel clamp and the specimens
were wrapped in wet towels to prevent drying.feet of the specimens were ﬁxed to a custom-made tilting platform
by screws in the calcaneus and a molded plastic clamp over the
forefoot. Therefore, maximum range-of-motion was preserved inPRESSURE SENSITIVE FILM PREPARATIONthe foot and ankle region. Neutral position, 10 of DF and 10 of
PF were achieved by using metal wedges (see insert).As transducer, Fuji Prescale Film (Fuji Photo Film Co., Tokyo, Japan) was
used. Preliminary tests showed that Super Low Film (range 0.5e2.5 MPa)
best covered the pressure range obtained by application of the nominal loads
mentioned hereafter. For each specimen, the Fuji ﬁlm was cut into the appro-
priate shape by following the talar dome template. Tegaderm (3M, St. Paul,
MN) was used as sealing agent. Preparing the Fuji ﬁlm and constructing the
sealed units was done as previously described31.TEST SET-UP AND LOADING REGIMENAll tests were performed on an Instron 4505 universal testing machine
(Instron, Norwood, MA). Firstly, the specimen was ﬁxed in the inferior clamp
by means of the custom-made tilting platform. This platform allowed for pre-
cise positioning of the tibio-talar joint in a neutral orientation (N), 10 of PF or
10 of DF, using custom-made metal wedges. Secondly, an iron rod was
placed in the superior clamp and ﬁxed in the tibial shaft with resin, while hold-
ing the ankle in a neutral position (Fig. 1). The loading regimen consisted of
a 5 N preload; a 1 min linear ramp up to the desired nominal load; a 1 min
hold; and a 1 min linear ramp down to the initial preload. Applied (sub-) phys-
iological loads consisted of 2.5 times bodyweight (BW) in N and DF, and 1.5
times BW in PF20e23. Temperature and relative humidity (RH) were checked
regularly during testing and the test cycle was aborted if changes exceeding
3C or 3% RH were observed. Prior to deﬁnitive testing a cycle consisting
of only the preload of 5 N was performed for all three positions, to check for
handling artifacts and background staining. Two measurements were made
for each condition i.e., the three aforementioned positions, along with pre-
and post-harvest of a 5 11 mm cartilage biopsy [Fig. 2(A)]. The biopsy
was created from the midline of the talar dome coursing medially at the pos-
terior articular margin10. Biopsies were created uniformly using a custom-
made, rectangular chisel.COVERAGE OF THE BIOPSY AREAPhotographs of the posterior side of the joint (in each position) were taken
after biopsy to study the position of the defect relative to the tibial plafond.The images were judged qualitatively by the main investigator and an inde-
pendent observer, and subsequently scored as ‘‘uncovered’’, ‘‘partially cov-
ered’’ or ‘‘covered’’ by the tibial plafond (Fig. 2). In case of disagreement the
results were discussed, if necessary the opinion of a second independent
observer was decisive.HANDLING AND ANALYSIS OF THE STAINSThe stains were digitized 30 h after development by scanning in 8-bit gray
values at 300 dpi, creating pixel values between 255 (completely white) and
0 (completely black). Digital images were analyzed using ImageJ, version
1.35i (NIH, USA) and custom-made macros, or analyzed qualitatively. For
each single specimen the pressure proﬁle at the biopsy site, the surface
area of the talar dome, the size of the TTCA, the n-TTCA and TTCA centroid
position of pressure (¼brightnessweighted average of the X- and Y-coor-
dinates of the pixels in the selection; the coordinates were attributed using
the aforementioned reference frame) were determined and reported as the
mean of the two measurements made for each condition.
The pressure proﬁle was determined by scanning the stains in a postero-
anterior direction over a distance of 200 pixel rows. Each row was 65 pixels
wide, medio-laterally oriented, starting 15 pixels before the lateral biopsy
edge and coursing medially. Pixel rows 42e100 cover the biopsy area,
1e41 are posterior and 101e200 are anterior of it. To minimize pixel-to-pixel
variation, ensemble averaging32 was performed: the gray-value used to cal-
culate the pressure was the mean gray-value of one 65-pixel row. The loca-
tion of the biopsy area on the footprint was determined using the reference
frame. Pressures were calculated using the equation describing the corre-
sponding calibration curve.
The size of the (n-)TTCA and the TTCA centroid position were calcu-
lated by the threshold method33. In brief, the pixels contributing to the
TTCA were selected digitally, omitting those with a gray value representing
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Fig. 2. Line drawing of the different types of coverage of the biopsy area by the tibial plafond for a representative specimen (no. 03). Posterior
view on the tibio-talar articulation opened by a postero-medial arthrotomy with minimal soft tissue dissection. (A) Ankle positioned in 10 of DF,
the biopsy results uncovered by the tibial plafond. (B) Ankle positioned in neutral, the biopsy results partially covered by the tibial plafond. (C)
Ankle positioned in 10 of PF, the biopsy results fully covered by the tibial plafond (dark gray area represents the biopsy area, light gray area
represents the cartilage of the talar dome, Ti: tibia, Ta: talus, F: ﬂexor hallucis longus tendon).
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image was post-processed by morphological opening (erosion followed by
dilation).
Changes in the shape of the TTCA post-biopsy were described as ‘‘no
change in footprint visible’’ or ‘‘change in footprint visible’’. Attention was given
to detect if any (partial) outline of the biopsywas visible. This analysiswasdone
by the main investigator and an independent observer as already mentioned.CALIBRATION CURVE CREATIONTable I
Single specimen details for the coverage of the biopsy site by the
tibial plafond, along with the changes noted in the shape of the foot-For each new test cycle a corresponding calibration curve was created.
Sealed Fuji ﬁlm was exposed to 13 different loads corresponding to a pres-
sure range of 0.25e3 MPa. The calibration device consisted of a base plate
and a punch with a very ﬁnely polished surface. The region-of-interest in the
stain consisted of a circle with a diameter equal to that of the punch, concen-
tric with the stain. The calibration curve was constructed by a ﬁfth order poly-
nomial regression34; the coefﬁcients of the corresponding equation were
calculated using the ‘‘REGRP’’ function of the matrix linear algebra package
for Excel ‘‘MATRIX.XLA ver.6’’ (Foxes team, Rome, Italy).print of the TTCA. (U: uncovered, P: partially covered, F: fully cov-
ered; e: no change visible, CH: change visible, X: (partial) outline
visible)STATISTICSSpecimen DF N PF
1 U/e U/e P/X
2 U/e P/CH F/CH
3 U/e P/CH F/XAll quantitative data are reported as a meanSD. Due to the high inter-
specimen variability we also reported all data for every specimen separately.
95% Two-sided conﬁdence intervals (CI) based on a t-distribution were cal-
culated for the pre-post biopsy changes (using the mean of the duplicate
measurements). This was carried out for each position separately.4 U/e U/e P/e
5 U/e U/CH U/CH
6 U/e U/e P/CH
7 U/e U/e U/e
8 U/e U/e P/CH
9 U/e U/e P/e
10 P/e F/e F/XResults
The preliminary tests did not show any relevant handling
artifacts or background staining above the lower threshold
of the ﬁlm’s pressure range.COVERAGE OF THE BIOPSY SITE BY THE TIBIAL PLAFONDIn DF the biopsy site was partially covered once; in all other
specimens the biopsy site was uncovered. In neutral position
the biopsy site was fully covered once, partially covered twice
and uncovered seven times. In PF the biopsy site was fully
covered three times, partially covered ﬁve times and uncov-
ered twice. Single specimen details are shown in Table I.CHANGES IN THE SHAPE OF THE TTCAIn DF no change in shape was noted for any specimen
post-biopsy, nor was a (partial) outline of the biopsy visible.
Fig. 3. Footprint of the TTCA in PF of a representative specimen (no. 01). (A) Shape before harvesting the biopsy. Arrows indicate orientation
and scale (a: anterior, m: medial). (B) Shape after harvesting the biopsy. The partial outline of the created biopsy is clearly visible at the post-
ero-medial zone of the footprint. The white arrow indicates the anterior edge of the biopsy area, the black arrow the lateral edge. (C) Close-up
of the postero-medial part of the footprint after harvest of the biopsy. The outline of the biopsy area is digitally superimposed on the footprint as
a yellow rectangle. No obvious signs for gross creep at the edges are noted from the footprint. (For interpretation of the references to colour in
this ﬁgure legend, the reader is referred to the web version of this article).
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times, but a (partial) outline was never visible. The observed
changes were all located outside the biopsy area. In PF
a change was observed four times and three times a partial
outline could be detected (Fig. 3). Single specimen details
are shown in Table I.CHANGES IN THE PRESSURE PROFILE PLOTSAll pressure proﬁle plots are shown in Appendix A.
In DF the plots registered the same shape of pressure
proﬁle pre- and post-biopsy in nine out of 10 specimens.
In four cases the graphs could be considered super-impos-
able, the other ﬁve cases did show slight differences pre-
and post-biopsy for part of the track. In only one case the
pressure proﬁle showed a substantial difference in shape,
consisting of a ‘‘bump’’ towards higher pressure experi-
enced pre-biopsy in the area corresponding with the ante-
rior margin of the planned biopsy. In all cases the
differences in pressure pre- and post-biopsy were less
than 0.7 MPa. No aberrant pressure changes caused by
the biopsy could be identiﬁed.
In neutral position, in seven cases the shape of the pres-
sure proﬁle could be considered identical for the longest
part of the track. However, in four of these seven cases
the pressure was slightly higher post-biopsy. In two cases
the graphs could be considered super-imposable in the pos-
terior area, but divergent anteriorly with pressures higher
pre-biopsy. In one case the pressure was continuouslyhigher pre-biopsy. Except for four cases with diverging
pressures anteriorly, all differences in pressure pre- and
post-biopsy were less than 0.5 MPa. When the data were
analyzed in detail, specimen no. 2 and 3 displayed a pres-
sure change which was possibly caused by the biopsy:
post-biopsy the pressure remained constant across the bi-
opsy area and anterior of it, whereas pre-biopsy it already
started to rise in that area.
In PF the shape of the proﬁle could be considered identi-
cal for the largest part of the track in eight of the specimens.
However, in one of these cases the proﬁle seemed to be
shifted about 40 pixels anteriorly post-biopsy. Once the
pressure was clearly higher pre-biopsy and only equaled
the values post-biopsy in the most posterior and anterior
part of the studied area. Once the proﬁle was superimposed
in the posterior half of the biopsy zone, more anteriorly the
pressure was higher pre-biopsy. When looking at the data
in detail, six specimens displayed pressure changes possi-
bly caused by the biopsy. In all cases these changes oc-
curred in post-biopsy pressures, only rising anterior to the
biopsy area while pre-biopsy the pressure had already
started rising in that area. A rebound effect with pressures
largely exceeding the pre-biopsy level was never noted.CHANGES IN THE n-TTCAThe mean changes in n-TTCA were 2.36 3.33% in N,
2.21 4.32% in PF and 1.02 2.61% in DF. All changes
were non-signiﬁcant (Table II shows all 95% CI calculated).
Table II
95% Two-sided CIs, based on a t-distribution, calculated for the pre-post biopsy changes (using the mean of the duplicate measurements).
This was done for each parameter studied and for each position separately. The data were obtained by testing 10 specimens from 10 different
donors
Mean change
in n-TTCA
Single specimen
change in n-TTCA
Mean change in a-p
centroid position
Single specimen change
in a-p centroid position
Mean change
in m-l centroid position
Single specimen change
in m-l centroid position
N 4.75e0.02 2.93e2.93 0.63e1.44 1.12e1.12 0.29e0.73 1.04e1.04
PF 5.30e0.87 2.70e2.70 1.56e1.79 1.22e1.22 0.78e0.05 1.74e1.74
DF 0.85e2.88 4.69e4.69 0.96e0.56 1.32e1.32 0.36e0.62 0.99e0.99
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change in n-TTCA was observed in four instances in N and
three instances in PF (Fig. 4).CHANGES IN THE CENTROID POSITIONThe centroid position displayed a mean antero-posterior
shift of 0.4 1.4 mm in N, 0.1 2.3 mm in PF and
2.0 1.1 mm in DF (positive values indicate an anterior
shift). The mean medio-lateral shift was 0.2 0.7 mm in
N, 0.4 0.6 mm in PF and 0.1 0.7 mm in DF (positive
values indicate a medial shift). Again, none of these
changes were signiﬁcant. When single specimen changes
were analyzed in the antero-posterior direction a signiﬁcant
shift occurred twice in N, six times in PF and once in DF
[Fig. 5(A)]. In the medio-lateral direction a signiﬁcant shift
occurred twice in N and once in DF [Fig. 5(B)].Discussion
This study investigated the effect of a cartilage biopsy at
the postero-medial rim of the talar dome on characteristics
of the tibio-talar contact. We hypothesized that only mar-
ginal effects would be seen. Upon analysis of the mean
data, post-biopsy changes were not signiﬁcant, but
changes among some single specimens were. The majority
of those changes were in PF, however, instances of
changes in N were observed and apart from two exceptions
none occurred in DF. When analyzing the biopsy area and
the area just anterior to the biopsy, most pairs of pre- and
post-biopsy pressure proﬁle plots could be considered su-
per-imposable or displaying a higher pressure pre-biopsy.
When the pressure was higher post-biopsy, differences
were less than 0.7 MPa. Contact stresses did not showFig. 4. Single specimen data for the change of the normalized tibio-ta-
lar contact area (n-TTCA)after harvest ofa cartilagebiopsyat thepost-
ero-medial rimof the talar dome. (CI:2.93% inneutral,2.70% in10
of PF, 4.69% in 10 of DF, * indicates a signiﬁcant change.)any rebound effect in the vicinity of the biopsy. Signiﬁcant
changes in the n-TTCA (always as a decrease post-biopsy)
were noted in only four cases in N and three times in PF.
The few signiﬁcant changes in the centroid position oc-
curred nearly exclusively in both trends of the antero-poste-
rior direction, ranging from 1.3 to 5.4 mm. Therefore, the
postero-medial rim of the talar dome might be considered
an appropriate site for a limited cartilage biopsy in the ma-
jority of the tested specimens.
The data concerning the tibial plafond coverage of the bi-
opsy site were in line with the changes detected in the
TTCA shape. For uncovered sites, no changes were de-
tected. Also, some of the partially or fully covered sites
did not show a change. The only exception was found in
specimen no. 5 that showed a change in footprint in N
and PF, despite the site remaining uncovered. The only
plausible theoretical explanation is pressure induced by
the overlying posterior soft tissues. However, this is unlikely
considering the ex vivo situation with a posterior arthrotomy
and the absence of active tensioning of the tendons. When
considering the pressure proﬁle, specimen no. 10 did not
show a difference pre- and post-biopsy across the involved
area, despite the outline of the biopsy being partially visible
in the footprint. The section of the TTCA that coincided with
the biopsy area was only a very small corner. This makes it
seem plausible that the ensemble averaging smoothed out
a numerical difference. Of the 90 ﬁgures concerning the
data on the n-TTCA and centroid position, only four showed
a signiﬁcant difference that did not agree with the other ob-
servations. As no ﬁltering techniques were applied to the
raw data, we attributed this to experimental error.
Absolute values of the intact TTCA for the present study
have recently been reported and shown to be in line with
previous work with a similar set-up35. Changes in TTCA
caused by joint surface defects or step-off incongruities
have been investigated previously. Various studies have re-
ported on experimental posterior malleolar fractures and
found no signiﬁcant changes for fractures smaller than
33% of the lateral antero-posterior articular diameter (using
both static and dynamic set-ups)16,24,26. For oval defects
placed centrally in the contact zone, a decrease in contact
area was found approximating the area of the created de-
fect27. For lesions at the postero-medial area of the talar
dome smaller than 7.5 15 mm, no signiﬁcant effect was
found for all tested positions on contact area and ratio of
contact to plafond area28. Unfortunately, the diversity in ex-
perimental set-up and elaboration of the data makes it difﬁ-
cult to compare the results of these studies. Reported mean
values all indicate non-signiﬁcant changes in contact area
by small defects, especially when localized in the posterior
part of the ankle. We are the ﬁrst to report single specimen
details. These details displayed in some of the specimens
a signiﬁcant reduction of the n-TTCA in N and PF.
Previous studies on contact stress distribution in the an-
kle reporting changes caused by incongruities mainly
Fig. 5. Single specimen data for the shift of the TTCA centroid position of pressure after harvest of a cartilage biopsy at the postero-medial rim
of the talar dome. (A) Data for the a-p shift, positive values indicate an anterior shift (CI: 1.12 mm in N, 1.22 mm in PF, 1.32 mm in DF).
(B) Data for the m-l shift, positive values indicate a medial shift (CI: 1.04 mm in N, 1.74 mm in PF, 0.99 mm in DF). (a-p: antero-posterior;
m-l: medio-lateral; N: neutral; PF: 10 of plantar-ﬂexion; DF: 10 of dorsi-ﬂexion; CI: conﬁdence interval, * indicates a signiﬁcant change).
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eral step-offs caused an important increase in the series-
mean instantaneous maximum stress throughout the com-
plete range-of-motion30, but posterior malleolar fractures
tested with a similar dynamic set-up did not show a signiﬁ-
cant increase in peak or mean contact stresses24. Postero-
medial talar lesions smaller than 10 20 mm did not cause
a signiﬁcant change in the mean contact pressure, nor
a high pressure centroid shift in either direction, regardless
of ankle position28. These results seem to conﬁrm the rela-
tive indifference of contact characteristics to postero-medial
incongruities, opposed to the changes induced by antero-
lateral incongruities. Restricted by the upper limit of the de-
tection range of the Fuji ﬁlm used, we did not calculate
mean pressures, but focused on the pressure proﬁle plots
across the biopsy area. These plots did not show an ele-
vated pressure post-biopsy, however, in some specimens
a pressure shift to anterior could be identiﬁed, which was re-
ﬂected in the majority of the individual shifts of the centroid
position. A stress increase just outside the biopsy rim was
not observed, contrary to previous ﬁndings36,37.
Upon consideration of all data sets the following effects
were not identiﬁed systematically; a change in the shape
of the TTCA, and/or a reduction in size of the TTCA, and/
or a corresponding change in contact stress. Indeed, har-
vesting a biopsy will only result in such changes if the bi-
opsy is located in a ‘‘signiﬁcant’’ weight-bearing part of
the TTCA. Therefore, if the biopsy is located outside the
contact area or in a lesser-weight bearing part of it, such
changes will not be present. Mutually, the absence of the
above described changes can be considered proof of the bi-
opsy being located in a non- or lesser-weight bearing area
of the joint, on the condition that a signiﬁcant amount of
creep can be ruled out.Indeed, creep at the level of joint surface incongruities is
an important issue and a limitation to our study. Huber-Bet-
zer et al.37 assessed local stress aberrations near incongru-
ities using a ﬁnite element model. They showed a limited
creep of the cartilage at the edge of the incongruity and re-
corded peak pressures located some millimeters away from
the edge. Braman et al.38 assessed the articular cartilage
adjacent to experimental defects on ﬂash-frozen histologi-
cal slides. In a non-loaded joint, no deformation of the car-
tilage at the defect edge was observed. In loaded joints the
edges ﬂattened and folded into the defect. We hypothe-
sized that our biopsy area was located in a non- or
lesser-weight bearing area. Therefore, we anticipated no
or only very small amounts of creep at the biopsy edges.
In those specimens where a partial outline of the biopsy
was visible in the footprint, the actual contour of the biopsy
area was superimposed on the footprint and showed an
excellent agreement [Fig. 3(C)].
The static loading regimenused clearly raises limitations to
studies characterizing mechanical changes caused by carti-
lage incongruities. Undoubtedly, static loading methods can-
not provideany informationonaggregate stress accumulated
over time. The appropriateness of static loading methods
have been strongly questioned as these tests have shown
only modest elevations of contact stresses in the past, thus
substantial stress elevations occurring at non-tested joint po-
sitionswill pass undetected29.Wehere suggest that this point
of viewdoesnot apply to our study that speciﬁcally addresses
incongruities in the posterior compartment of the ankle.
Firstly, the modest changes reported in the past concerned
meanvalues that, due to inter-specimenvariability, caneasily
mask a signiﬁcant effect in single specimens. Reporting the
results of the single specimens addresses this criticism35.
Secondly, continuing deformation of the defect’s edges in
1483Osteoarthritis and Cartilage Vol. 17, No. 11joints beingmovedduring loadingwas reported38. In addition,
most deformation was reported to occur during the initial sec-
onds of loading, with only a small further deformation occur-
ring thereafter39. Hence we wonder if when considering the
issue of creep (suggested as being in part responsible for
the modest changes recorded), dynamic studies have an ad-
vantage over static ones. Thirdly, as aforementioned, both
static and dynamic set-ups did not show an increase of con-
tact stresses near an incongruity in the posterior ankle com-
partment16,24,26. These data contrast with a dynamically
loaded anterior incongruity, indicating site-speciﬁcity within
a given joint30. Last, our static study detected an antero-pos-
terior shift of the centroid position of pressure in some of the
specimens, in line with previous dynamic results24.
However, several additional limitations do exist. Those re-
lated to pressure sensitive ﬁlm have previously been exten-
sively discussed33,40e44. In addition, preliminary tests
showed mechanical failure of the specimens at loads four
times BWapplied in DF. Therefore, wewere obliged to reduce
the load in DF to 2.5 times BW, a limitation already mentioned
previously29,43,45. Furthermore, loading was performed
through the tibial shaft only, with no attempt made to put phys-
iological tension on the tendons across the ankle. The contri-
bution of the talo-malleolar articulations was also not
included. However, we acknowledge the role of the ﬁbula
andof the tendons in loading theankleduring thestancephase
of gait, and the role of the talo-malleolar contact zone46e49.
In conclusion, a well deﬁned cartilage biopsy at the post-
ero-medial rim of the talar dome did not induce signiﬁcant
changes in quantitative contact characteristics. However,
some specimens did show such changes when considered
individually due to a substantial inter-specimen variability.
Qualitative data also showed a change post-biopsy in some
of the specimens.
Taken together, currently the investigated biopsy site
seems safe in terms of local biomechanics, but long term
follow-up studies in patients will have to determine the clin-
ical relevance and importance of the changes reported.Conﬂict of interest
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